Maternal obesity has emerged as a common, serious, and clinically challenging problem in contemporary obstetrics.
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Based on the World Health Organization (WHO) body mass index (BMI) categorization > 29.9 kg/m 2 , epidemiological studies have reported an increase in adult obesity, particularly in developed countries. 4, 5 About one in six women booking for antenatal care in our hospital are obese.
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Maternal obesity is associated with an increase in pregnancy complications such as gestational diabetes mellitus (GDM), preeclampsia, and aberrant intrauterine fetal growth. [1] [2] [3] It is also associated with an increase in obstetric interventions such as induction of labor and cesarean section (CS). 2, 7 Obesity has lifelong implications for both the mother and her offspring. 1, 8 Not surprisingly, maternal obesity is associated with an increase in health care costs, for example, due to increased bed stay after CS and increased antenatal medication usage.
2,9,10
Concerns about maternal obesity have led the Institute of Medicine in the United States of America in 2009 to revise downward their recommendations for gestational weight gain (GWG) in obese women. 2, 11 The Workshop Report on the Influence of Pregnant Weight on Maternal and Child Health, however, acknowledged that there are gaps in our knowledge about GWG and that information on postpartum weight retention, in particular, is limited. 12 Furthermore, epidemiological studies to date have been predominantly cross-sectional and have been based on self-reporting of weight to calculate BMI, which has serious limitations. Conclusion The birth of a first baby was associated with an increase in maternal weight in two-thirds of women when they next attended for antenatal care.
The objective of this longitudinal study was to compare the interpregnancy changes in maternal weight, and, thus, BMI in early pregnancy in the time interval between when a woman attended for antenatal care for her first child and when she next attended for her second child.
Study Design
We studied primigravidas who delivered a baby weighing ! 500 g in a large university maternity hospital in 2009 and who attended again for antenatal care before January 1, 2012. To reduce confounding variables, women with multiple pregnancies, women aged < 18 years, or women who booked for antenatal care in pregnancy after 18 weeks gestation were excluded. We used a cutoff of 18 weeks because we have previously observed that mean maternal weight starts to increase after 18 weeks and few women attend for antenatal care after 18 weeks.
14
The hospital is publicly funded and approximately one in three women are covered by private health insurance. The hospital is a large university maternity hospital that delivers over 9,000 annually. About one in eight women nationally deliver in the hospital and it accepts women without differentiation from all socioeconomic groups, both urban and rural. The women studied, therefore, are a good representation of the country's population.
It is hospital policy to confirm gestational age by ultrasound at the first antenatal visit. If a healthy ongoing pregnancy is confirmed, the woman's height and weight are measured accurately and BMI is calculated at the same visit. Clinical and socio-demographic details are collected on the hospital's computerized database at the first antenatal visit and again after delivery. The information collected for the 2009 delivery was linked with the information collected for the second pregnancy after an ultrasound had confirmed a healthy ongoing second pregnancy. All data collected were anonymized and retained within the University College Dublin Centre in the hospital.
Statistical analysis was performed using SPSS version 18.0 (SPSS Inc., Chicago, IL). Relevant descriptive statistics (mean, standard deviation, and percentages) were obtained for the study population. All the variables were checked for normality using the Kolmogorov-Smirnov test. Independent sample t-tests and a paired sample t-tests were used to evaluate differences in continuous variables between the groups. Chi-square tests were used for categorical variables. The relationship between early pregnancy maternal weight changes and a range of possible explanatory variables was investigated using Pearson correlation coefficients and multiple regression models. The 5% level of significance was used throughout. The national guidelines of the Data Protection Commissioner were followed and written approval from the Hospital's Research Ethics Committee was not required because this was a hospital-based clinical audit.
Results
Of the 8,652 women delivered in 2009, 3,368 were primigravidas. Analysis was performed on 3,284 women with a singleton pregnancy who booked for antenatal care before 18 weeks' gestation and who had their weight and height measured accurately before calculating the BMI. Of the 3,284 women, 70.6% were Irish born and 8.8% were unemployed. The BMI categories of the primigravidas in 2009 are shown in ►Table 1. Overall, 11.3% women were obese and 0.8% (n ¼ 27) were class III obese. There were 44 primigravidas who booked after 18 weeks' gestation and 40 primigravidas where either height or weight had not been measured.
Of the 3,284, 1,220 (37.1%) booked for antenatal care again before January 1, 2012 and 2,064 (62.9%) did not. Women who re-attended were on an average 2 years older than those who did not and were less likely to be smokers. The characteristics of those who did and did not re-attend for antenatal care are shown in ►Table 2. The mean duration between delivery in 2009 and re-attending was 546 days (18 months) with a range of 79 to 1,071 days (2.6 to 35.2 months). Of the 1,220 women who re-attended for antenatal care, 4% (n ¼ 49) miscarried and 1,171 delivered another baby weighing ! 500 g. Of the 1,220 women who re-attended, 60.5% (n ¼ 738) breastfed after their first pregnancy for a mean of 4.9 months (SD 4.3).
Overall, women gained a mean of 2 kg (SD 5.1; p < 0.001) by the start of the second pregnancy. However, between the two pregnancies 788 (64.6%) of women gained weight, 402 (33%) lost weight, and 30 (2.4%) maintained their weight. The mean weight gain was 4.6 kg (SD 3.9) and the mean weight loss was 3 kg (SD 2.9). As a result, 20.2% (n ¼ 247) were now in a higher BMI category and 4.8% (n ¼ 58) had become obese (►Table 3). In contrast, 5.8% (n ¼ 71) moved down a BMI category and 1.2% (n ¼ 15) were no longer obese. We found no relationship between early pregnancy weight changes and the duration of interpregnancy interval.
The mean weight gain and mean weight loss analyzed by BMI category are shown in ►Table 4. Maternal early pregnancy weight changes negatively correlated with maternal age (r ¼ À 0.11; p < 0.001). However, maternal early pregnancy weight change did not correlate with maternal BMI, interpregnancy interval, maternal smoking habits, and breastfeeding after the first pregnancy. To identify whether maternal age continued to correlate with interpregnancy weight change after controlling for the above variables, we performed a multivariate linear regression analysis. In the resulting regression equation, maternal age continued to be 
Discussion
This longitudinal observational study found that within an average of 18 months of delivery, two-thirds of first-time mothers gained an average of 4.6 kg when they booked for antenatal care a second time. As a result, 20.2% were now in a higher BMI category and 4.8% had become obese. One-third of mothers had lost weight and, thus, 1.2% were no longer obese. These findings have implications for a woman's future obstetric and medical well-being.
There is a paucity of longitudinal studies on postpartum weight changes because such studies are challenging to conduct. 14, 15 There is no standardization about the time points at which maternal weight is measured. In many studies, weight is self-reported which is unreliable and leads to BMI miscategorization. 13 In obese women, self-reporting is even more unreliable. 16 Some studies use prepregnancy weight, but about half of pregnancies are unplanned which militates against longitudinal studies and is a potential source of epidemiological bias. 17 Other studies have used longer intervals between measurements, which increase the risk of a large proportion of women being lost to follow-up. 18 There is also difficulty in separating changes in weight and BMI due to childbirth from those due to advancing age.
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Our study has the advantages of a longitudinal study in that a cross-sectional study can only measure the overall average changes. Thus, our finding that one-third of women do not gain weight within an average of 18 months after delivery would not be evident in a cross-sectional study. Another strength of the study is that the measurements were made before 18 weeks in both pregnancies. Previous studies based on self-reporting suggested that women gain a small amount of weight in the first trimester.
12 However, weight gain in pregnancy is not linear and studies based on measurement show that, on average, maternal weight or body composition does not change in early pregnancy.
14,15
A weakness in our study is that we do not have information on the women who attended elsewhere; either in Ireland or abroad, for antenatal care subsequently. However, we were surprised at the large proportion of women who did re-attend so soon after their first baby. Another potential weakness is that the interpregnancy interval varied from woman to woman but, in reality, such standardization of measurement is impractical and we also found no relationship between the interpregnancy interval and weight changes. This suggests that lifestyle behavior soon after delivery may be more important in the short term than the duration between pregnancies. Further longitudinal studies are required to determine whether the weight gain occurs during or after the pregnancy and what influence breastfeeding has on weight trajectories over time.
This increase in maternal weight, and, thus, BMI in the majority of women after the birth of their first child is of concern clinically. A large Swedish epidemiological study of 151,080 women found that on an average women gained over half a BMI unit (median 0.7) during a mean interpregnancy interval of 24 months between first and second pregnancies. 20 Interpregnancy weight gain was strongly associated with an increased risk of maternal and perinatal complications independently of whether the woman was overweight or not. However, the method of BMI calculation was uncertain and the researchers did not have information on the gestational age at the first antenatal visit. Also, the range of interpregnancy intervals ranged from less than 1 to 10 years, so the researchers were unable to differentiate the effect of early postpartum weight changes from later weight changes. The relationship between interpregnancy weight or BMI changes and the risk of CS has been studied. 21 In a retrospective Missouri cohort study, there were a total of 100,828 women with a live singleton infant born between 1989 and 2005 where siblings were linked to their biological mothers using a unique identifier. 22 All the women had a vaginal delivery in the first pregnancy. The study found that women who had a normal BMI and became obese for their second pregnancy had a 1.41 odds ratio (OR) (95% confidence interval [CI], 1.26-1.57) of CS compared with women whose BMI remained normal. They also had an increased risk of hypertensive disorders and GDM. However, BMI was based on self-reporting of prepregnancy weight and not measurement in early pregnancy. Also, the interpregnancy interval and degree of weight gain were not stated. A long interpregnancy interval may, for example, be significant given the steep rise in American CS rates between 1989 and 2005. Other studies using the Missouri database found that an increase in BMI from normal to obese between pregnancies increased the risk of a large-for-gestational age baby by 1.6 OR (CI, 1.6-2.0), increased the risk for developing diabetes mellitus (OR, 3.2; CI, 2.8-3.7), and increased the risk of stillbirth (OR, 1.4; CI, 1.2-1.7).
21-23
In a longitudinal study of 795 women who delivered in Wisconsin during 1988 and 1990, 61% (n ¼ 484) were followed up for 15 years. 24 The first measurement was made at an average of 10.3 weeks' gestation. The study included all parities but was confined to women with an uncomplicated pregnancy. The average length of follow-up was 14.7 years (range, 10.1-16.3). The average weight gain was 9.7 kg and was greatest in the obese category. Excess weight gain was associated with an increased risk of diabetes mellitus and coronary heart disease nearly 15 years later. Confining the study to women with no pregnancy complications may have American Journal of Perinatology underestimated the risks associated with excessive weight gain during or after pregnancy.
In an epidemiological review of body weight changes after pregnancy, the evidence from observational studies was that body weight at 6 to 18 months postpartum is 1 to 2 kg greater than preconception weight. 25 However, at least 14 to 20% of women in national surveys were > 5 kg heavier by 6 to 18 months postpartum. This review published in 2000 included studies that are now more than 20 years old and may not reflect short-term postpartum weight changes in wealthy countries presently. It is also too early to assess whether the revised recommendations on GWG for obese women have altered postpartum weight changes in the United States or elsewhere.
11,12
Although there are considerable individual variations, an increase in weight associated with childbearing is well described. 19, 26 Indeed, childbearing may increase visceral adipose tissue independently of an overall increase in body fat. 27 However, little attention has been paid to the chances of becoming overweight or obese after a first child. The development of obesity with parenthood may have consequences not only for future pregnancies and deliveries but also lifelong consequences for the woman herself.
Women who smoked in their first pregnancy were less likely to re-attend for antenatal care than women who did not smoke (►Table 2). This is consistent with previous reports, which found an increase in infertility in women who smoked. 28 Women who re-attended were on an average 2 years older (►Table 2). This may be explained by the fact that older women were more likely to have another baby sooner to avoid the pregnancy risks associated with advancing age. Our study found that within an average of 18 months after delivering their first baby, two-thirds of women gained weight, 1 in 5 moved into a higher BMI category, and 1 in 20 became obese. Further studies are required to identify whether changes in maternal diet and/or physical activity are responsible for these weight changes after the birth of a first child. If there are lifestyle differences, the advice women get about healthy eating and physical activity before and during pregnancy may need to be reinforced after delivery.
